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ABSTRACT  In  parotid  acinar cells,  horseradish peroxidase  (HRP)  administered  via the  main 
excretory duct is endocytosed from the apical cell surface in smooth C- or ring-shaped vesicles 
(Oliver,  C.  and  A.  R.  Hand.  1979.  J.  Cell  BioL  76:207).  These  vesicles  ultimately  fuse  with 
lysosomes adjacent  to the Golgi apparatus. The present investigation extends these findings 
and examines the uptake and fate of intravenously injected HRP from the lateral and basal cell 
surfaces  of  resting  and  stimulated  parotid  and  pancreatic  acinar  cells  from  rats  and  mice. 
Isoproterenol  and  pilocarpine  were  used  to  stimulate  the  parotid  gland  and  the  pancreas, 
respectively. HRP was internalized  in smooth  and coated vesicles primarily in areas of  mem- 
brane  infoldings.  Both  the  number of  coated  vesicles and  the  amount of  tracer  internalized 
increased markedly following secretagogue administration. In both resting and stimulated cells, 
the HRP was rapidly sequestered in a unique system of basally located lysosomes that possess 
trimetaphosphatase activity, but not acid phosphatase activity. At 1-3 h after HRP administra- 
tion, reaction product was also found in multivesicular bodies, vesicles, and lysosomes adjacent 
to the Golgi apparatus. With time, more HRP was localized in Golgi-associated lysosomes. By 
6-7  h, tubules in  the  apical  cytoplasm  of  stimulated  cells contained  HRP  reaction  product. 
When  native  ferritin  was  administered  retrogradely  and  HRP  injected  intravenously,  both 
tracers could  be localized  in the same lysosome after 4-5 h, indicating that material taken  in 
from all cell surfaces mixes in Golgi-associated lysosomes. The results of this study suggest that 
two  separate  and  distinct  endocytic  pathways  exist  in  exocrine  acinar  cells:  one  involves 
membrane  retrieval  from  the  apical  cell  surface;  and  the  other  is  a  stimulation-dependent 
process at the lateral and basal cell surfaces. 
In secretory cells,  membrane  retrieval  from the cell  surface 
may aid the cells in maintaining a relatively constant size and 
shape (2, 19) despite the addition of considerable membrane to 
the surface during secretion, as well as providing a source of 
membrane for new secretory granule formation (13,  15, 23-25, 
42). In cells as highly polarized as exocrine acinar cells, mem- 
brane retrieval could be restricted primarily to the apical cell 
surface, where secretion occurs and membrane insertion is most 
extensive.  Previous studies employing electron-dense markers 
(13,  15, 29)  have shown that membrane is internalized  from 
the apical cell surface in small endocytic vesicles (see  Fig. 4, 
reference 29). Intracellularly, this membrane may be degraded 
in lysosomes or recycled during secretory granule production. 
However, the uptake of membrane from the lateral and basal 
cell  surfaces  has  not  been  thoroughly  investigated.  In  the 
present  investigation,  the  uptake  and  fate  of intravenously 
injected horseradish peroxidase (HRP) was followed in resting 
and stimulated  pancreatic and  parotid  acinar cells  from rats 
and  mice.  Endocytosis at  the lateral  and  basal  surfaces was 
distinct  from  that  at  the  apical  surface,  with  tracer  being 
initially sequestered in a unique lysosomal system at the base 
of the  cells.  Ultimately,  the  HRP  was  localized  in  typical 
secondary lysosomes adjacent to the Golgi apparatus. Further- 
more, endocytosis at the lateral and basal surfaces proved to 
be largely dependent on secretagogue administration. 
MATERIALS  AND  METHODS 
Adult male and female Wistar Furth rats and National Institutes of Health (NIH) 
Swiss mice were used. A  solution (l mg/gm body weight [b.wt]) of horseradish 
peroxidase (Type II or Type VI; Sigma Chemical Company, St. Louis, MO) in 
sterile saline was injected intravenously via the saphenous vein. Some animals 
also received a  retrograde infusion of native ferritin (20 mg/ml; Polysciences, 
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the pancreas as previously described (29).  The  maximum hydrostatic pressure 
was calculated to be  16 mm Hg. Intraperitoneal injections of isoproterenol (20 
mg/kg b.wt) or pilocarpine (40 mg/kg b.wt) were used to stimulate secretion of 
parotid and pancreatic acinar cells, respectively. At varying time intervals, from 
30  rain to  24 h,  after HRP administration, the  tissue was fixed  by vascular 
perfusion of fixative containing 2% glutaraldehyde (Ladd Research Industries, 
Burlington, VT), 2% formaldehyde (Ladd Research Industries), 0.025% calcium 
chloride in 0.1  M  cacodylate buffer (pH 7.4).  Following perfusion, the glands 
were removed, immersed in fresh fixative, and cut into  I  x  1 ×  5 mm strips. 
After 1 h  of fixation, the tissue was rinsed m  0.1  M cacodylate buffer (pH 7.4) 
containing 7% sucrose (sucrose buffer) and stored overnight in sucrose buffer at 
4°C. The  tissue was then chopped into 75-/tin thick sections using a  Smith- 
Farquhar TC-2 tissue sectioner (DuPont Instruments-Sorvall Biochemical Div., 
Dupont Co., Newtown, CT) and incubated either for 45 rain at room temperature 
to demonstrate peroxidase activity (7) or for 40 minutes at 37°C for trimetaphos- 
phatase  activity (28).  Controls for peroxidase activity included  sections from 
glands that had not received HRP, but that were incubated in full medium, and 
sections from glands that had received HRP, but that were incubated in medium 
without hydrogen peroxide. For trimetaphosphatase activity, controls consisted 
of sections incubated without substrate or incubated in the presence of 10-' M 
zinc acetate. Reaction product was not observed in any of the control sections for 
either peroxidase or TMPase. In animals that received both HRP and ferritin, 
during chopping sections  were  divided  into  two  groups, one  section  being 
incubated in full medium and the adjacent section processed without incubation 
for peroxidase activity.  Additionally, incubated  and  unincubated sections of 
glands from animals that had received HRP, but not ferritin, were examined for 
the presence of endogenous ferritinlike particles. Although lysosomes in these 
sections did contain small particles, they were easily distinguished from the native 
ferritin on the  basis of their size  and density. After incubation, the  sections 
incubated for trimetaphosphatase activity were rinsed in  1% sodium sulfide in 
sucrose buffer in order to visualize the reaction product for light microscopy. All 
the sections were then postfixed for  I  h  at room temperature in  I%  osmium 
tetroxide in sucrose buffer, or in  1% osmium tetroxide,  1.5% potassium ferro- 
cyanide (20)  in distilled water or sucrose buffer. The  tissue  was dehydrated 
through a graded series of ethanols and propylene oxide and embedded in Spurr's 
resin (34). The distribution ef reaction product in the tissue was assessed in l-,um 
thick sections.  Thin sections of selected areas were cut with a  diamond knife, 
mounted on bare copper grids, and examined in a JEM 100C electron microscope 
either unstained or lightly stained with Reynold's lead citrate (32) and/or uranyl 
acetate. 
RESU LTS 
The fate of the intravenously injected HRP was examined in 
parotid and  pancreatic acinar cells from rats and  mice. With 
the exception of minor morphological differences, tracer uptake 
was the same for both  cell types whether from rats  or mice. 
The  most striking differences  were observed  between resting 
and stimulated acinar cells. Compared to resting cells (Fig.  1), 
significantly more HRP was internalized by the stimulated cells 
(Fig. 2). Despite this difference in the amount of tracer inter- 
nalized, the basic endocytic pathway appeared to be the same 
in  both resting and  stimulated ceils. Therefore the  following 
description applies to both resting and stimulated cells unless 
otherwise stated. HRP was endocytosed primarily from areas 
of plasma  membrane infolding  (Fig.  3).  The  HRP  was fre- 
quently localized in coated pits and vesicles, which were more 
numerous in stimulated cells (Fig,  4a and  b), Once internal- 
ized, the tracer rapidly gained access to a basaUy located system 
of  anastomosing  tubules,  200-220  nm  in  diameter  (Fig,  5), 
which  were  interposed  between  the  cisternae  of  the  rough 
endoplasmic  reticulum,  often  in  close  association  with  cyto- 
plasmic microtubules and  mitochondria  (Fig.  5c).  These  tu- 
bules have been shown to be part of a unique lysosomal system 
FIGURE  1  Resting-mouse  pancreas.  3 h  after HRP. Little  HRP has  been internalized. Reaction  product is  present  in  lysosomes 
(arrowheads)  and a tubule  (arrow)  near the Golgi apparatus  (G).  (L,  lumen;  N,  nucleus;  SG,  secretory granule; small arrows, 
extraceilu[ar space). Bar, 1 ~,m. x  lq,000. 
OUVER  Endocytic Pathways of Exocrine Acinar Cells  155 FIGURE  2  Stimulated mouse pancreas.  3 h after HRP and pilocarpine. Compared to the resting  gland (Fig. 1), more peroxidase 
(arrows) is present in Golgi-associated vesicles, dense bodies, and autophagic vacuoles (PAl, plasma membrane; G, Golgi apparatus; 
SG, secretory granule; note the unreactive autophagic vaucole (AV). Bar, 1 btm. X 14,000. 
FiGUrE  3  Resting mouse pancreas. 3 h after HRP. Reaction product 
is  localized in  infoldings of the plasma membrane, elongated tu- 
bules (arrow), and a multivesicular body. Bar, 0.5 ~m. x  37,000. 
that possesses trimetaphosphatase activity (Fig. 5 d and e), but 
not acid phosphatase activity (27, 28). At 1-3 h after injection, 
tracer was also localized in multivesicular bodies adjacent to 
the plasma membrane (Fig. 6 a) and in multivesicular bodies 
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FIGURE  4  Stimulated rat  pancreas.  I  h after HRPand pilocarpine. 
HRP is internalized in coated vesicles (arrows)  which arise from the 
plasma membrane, infolding (inset).  Bar, 0.5 ~m. x  40,000. FIGURE  5  Stimulated rat parotid. 6 h after HRP and isoproterenol. (a) HRP reaction product is located in dense bodies (DB)  and 
an  associated  elongated  tubule.  (PM, plasma  membrane),  x  37,000.  (b  and  c)  Stimulated  rat  pancreas.  1  h  after  HRP  and 
piloi:aj,~oine. (b)  Elongated cisternae near the basal cell surface contain HRP reaction product. (PM, plasma membrane), x  24,000. 
(c)  An elongated tubule with  HRP reaction product lies parallel to cisternae of the rough endoplasmic reticulum and is in close 
association with cytoplasmic microtubules  (arrowheads). (PM, plasma membrane). X 33,000.  (d and  e) TMPase reaction product 
is localized in a dense body (DB) connected to an elongated lysosome adjacent to plasma membrane (PM) infoldings.  (d)  Resting 
rat parotid, x  60,000;  (e) Resting rat pancreas, x  33,000,  (a) Stimulated rat parotid 6 h after HRP and isoproterenol Bars, 0.5 p.m. 
and  vesicles near the Golgi apparatus (Fig. 6 b  and c). With 
time, more HRP accumulated in multivesicular bodies, vesicles, 
and  lysosomes adjacent to  the Golgi apparatus (Fig. 7a),  as 
well as in secretagogue-induced autophagic vacuoles (26,  33). 
Tubules containing HRP  reaction product were occasionally 
seen near the cis face of the Golgi apparatus (Fig. 7, inset). By 
6-7  h  after HRP  administration, vesicles and  tubules in  the 
apical cytoplasm of stimulated cells also contained HRP reac- 
tion product (Fig. 8 a  and c).  However, no evidence of extra- 
cellular discharge at the apical cell surface was observed. C- 
and ring-shaped apical vesicles (29) without reaction product 
were also present (Fig. 8 a). However, if HRP is administered 
through the main excretory duct, reaction product is present in 
these apical vesicles (Fig. 8 b; Fig. 4, reference 29).  At no time 
was  HRP  reaction product found  in  Golgi saccules, GERL, 
immature or mature secretory granules. 
The fate of material endocytosed from the apical cell surface 
with that internalized at the lateral and basal cell surfaces, was 
compared  in  animals receiving native ferritin via retrograde 
ductal administration and HRP by intravenous injection. Ira- 
mediately following tracer administration, the animals received 
an  IP  injection  of  secretagogue.  The  ability of the  apical 
junctional complexes to confine the ferritin in the lumen was 
assessed by examining the lateral and basal extracellular spaces 
for the presence of ferritin. Because of the possibility that the 
peroxidase reaction product might obscure individual ferritin 
particles, both  incubated and  adjacent  unincubated  sections 
were examined. Under the experimental conditions employed, 
the ferritin remained restricted to the lumen (Fig. 10). By 3--4 
h  following such treatment both tracers could be localized in 
the  same  lysosome near  the  Golgi apparatus  (Fig.  9),  thus 
indicating that  mixing of material brought  in  from  all cell 
surfaces did occur. 
DISCUSSION 
The results presented here show that HRP is endocytosed from 
the lateral and basal cell surfaces primarily in coated vesicles, 
and that the tracer rapidly gains access to a system of basally 
located lysosomes. Reaction product is also found in vesicles 
and  multivesicular bodies adjacent to the  plasma membrane 
OLIVER  Endocytic  Pathways of Exocrine Acinar Cells  157 FiGUre  6  (a)  Resting rat parotid. 30 min after HRP. Reaction product is localized in a rnultivesicular body adjacent to the plasma 
membrane ( PM ). X 40,000. (b) Rat parotid. 30 rain after HRP. A multivesicular body near the Golgi apparatus (G) contains reaction 
product. (SG, secretory granule), x  45,000. (c)  Resting  rat pancreas.  30 min after HRP. A vesicle (arrow)  near the Golgi apparatus 
(G) contains reaction product. (SG, secretory granule), x  40,000. Bars, 0.5 him. 
and to the Golgi apparatus.  At later times,  HRP accumulates 
in lysosomes near the Golgi apparatus  as well as in apically 
located tubules  and vesicles.  Additionally, significantly more 
tracer is internalized following secretagogue administration. 
The initial pattern of sequestration of HRP from the lateral 
and basal cell surfaces is in contrast to that seen at the apical 
ceU surface of pancreatic and parotid acinar cells (13,  15, 29). 
At  the  luminal  cell  surface,  although  coated  vesicules  may 
participate  in endocytosis of HRP, especially in resting pan- 
creatic acinar cells,  the majority of the  HRP and associated 
membrane appears to be retrieved as smooth-surfaced apical 
vesicles (2, 19, 29). Once internalized, these vesicles ultimately 
fuse  with lysosomes adjacent  to the Golgi apparatus.  Tracer 
internalized from the lateral and basal surfaces is initially taken 
up by coated vesicles and rapidly localized in a system of basal 
tubular lysosomes. Apically administered tracer does not gain 
access  to  these  basal  lysosomes,  although,  as  shown  in  this 
study, mixing of tracer brought in from the apical cell surface 
with that endocytosed from the lateral and basal surfaces may 
occur in lysosomes adjacent to the Golgi apparatus. The man- 
ner in which material endocytosed from the lateral and basal 
cell  surface gains access  to the Golgi-associated lysosomes is 
unclear at present. The basal lysosomes may migrate toward 
the Golgi apparatus and fuse completely with the Golgi-asso- 
ciated lysosomes or the basal lysosomes may be connected to 
the Golgi-associated lysosomes by tubular extensions.  It is also 
possible that some material is delivered directly to the Golgi- 
associated lysosomes and bypasses the basal lysosomes entirely. 
Furthermore,  the uptake of HRP from the lateral  and basal 
cell surfaces appears to be markedly dependent on secretagogue 
administration. These results suggest that there are two distinct 
endocytic pathways in exocrine acinar ceils, one involving the 
apical surface and the other, the lateral and basal surfaces. 
Lysosomes with the morphological (28), cytochemical (27), 
and functional characteristics of the basal lysosomes seen here, 
have not been identified in other cell types. Their position in 
the  cell,  the  rapid  appearance  of HRP  in  these  lysosomes 
following endocytosis in coated vesicles as well as the increased 
uptake of tracer noted after secretagogue administration sug- 
gests that the basal lysosomes may play a role in sequestration 
of receptor-ligand complexes. These lysosomes may be some- 
what analogous to the receptosome in fibroblasts (43) and the 
peripheral  tubules  and  vesicles  in  hepatocytes (36,  41),  and 
may serve  as the  initial  repository for internalized  receptor- 
ligand  complexes.  Besides  having  some  morphological  and 
functional  similarities  with  the  receptosome  and  peripheral 
tubules, and basal lysosomes in concert with these other struc- 
tures,  also lack cytochemicaUy  demonstrable acid phosphatase. 
The possible role of these basal lysosomes in receptor-ligand 
processing is currently under investigation. 
The fate of the HRP in this study is in agreement with most 
studies employing soluble phase markers (1, 3, 4, 8, 10, 11, 14- 
17,  19, 30, 35, 37, 38, 44).  As in the other investigations, the 
tracer is eventually localized in Golgi-associated lysosomes and 
is  not found in Golgi saccules,  GERL,  immature or mature 
secretory granules.  This  indicates  that the  incoming vesicles 
158  TH[  jOURNAL OF  C[LL BIOLOGY - VOLUME 95,  1982 FIGURE  7  Stimulated rat pancreas. 4 h after HRP and pilocarpine. HRP reaction product is localized in lysosomes, vesicles, and an 
occasional  tubule (inset)  adiacent to the cis Golgi saccules (G).  (ISG, immature secretory  granule). Bars, 0.5/im.  x  38,000, inset 
x  50,000. 
FIGURE 8  (a)  Stimulated  rat  pancreas. 6  h  after  HRP and  pilocarpine. Vesicles  (arrows)  in  the apical cytoplasm contain  HRP 
reaction product. An unreactive c-shaped  vesicle (arrowhead)  is also present.  (L, lumen), x  50,000. Bar, 0.5/~m. (b) Stimulated rat 
pancreas. 2.5  h  after ductal  administration  of  HRP. A  forming  apical  vesicle  contains  HRP. (/,  lumen,  SG,  secretory  granule). 
× 80,000. Bar, 0.25 #m.  (c) Stimulated rat parotid. 6 h after  HRP and isoproterenol. An elongated tubule adjacent  to the lumen (L) 
contains reaction  product. × 40,000. Bar, 0.5 p.m. 
159 FIGURE  9  Stimulated rat pancreas. 4 h after ductal administration of native ferritin, intravenous injection of HRP and intraperitoneal 
injection of pilocarpine. Both the ferritin  (arrows) and  HRP are localized in the same lysosome adjacent to the Golgi apparatus 
(G).  Bar, 0.5/~m. x  SO,O00. 
f~GURE 10  Stimulated rat pancreas. 4hafterductaladministration 
of native ferritin, intravenous injection of HRP, and intraperitoneal 
injection of  pilocarpine. Control section not incubated for peroxi- 
dase activity. Ferritin (arrowheads) is restricted to the lumen (L). No 
ferritin  is  present  in  the  intrace[lular spaces  {arrow).  Bar,  0.5 /tm. 
x 88,000. 
fuse with lysosomes rather than other cellular organdies. Be- 
cause the soluble phase markers label content, not the mem- 
brane itself, it is not possible to say with certainty whether the 
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vesicle membrane is degraded by the lysosomes or whether the 
vesicles discharge their contents into lysosomes and then go on 
to be reutilized in formation of new secretory granules. In a 
few  cases,  such  as  cells  of the  small  intestine  (5),  seminal 
vesicles (9, 21, 22), and somatotrophs (8, 3 l, 37) of the anterior 
pituitary, endocytosed HRP has been localized in Golgi sac- 
cules, GERL, and secretory granules, suggesting that in some 
cell  types,  there  may  be  direct  reutilization of membrane. 
Endocytosis of cationized ferritin (8,  13-15, 30, 39, 40),  ricin- 
HRP  (12)  and  cholera  toxin-HRP  (18)  complexes,  tracers 
known  to  bind  to  plasma  membranes,  have  also  provided 
evidence for the direct reutilization of membrane. The reasons 
for the differences in localizations of the various tracers is not 
clear. The finding of HRP at sites other than lysosomes in a 
few  cell types  may  be  due  to  basic physiologic differences 
among cell types, whereas the localization of membrane-bound 
tracers in Golgi saccules, GERL, and secretory granules may 
represent the fate of  the endocytic vesicle membrane as opposed 
to  its contents.  Conversely, the differences in  localization of 
soluble phase  vs.  membrane-bound  markers could  reflect a 
perturbation  of  the  membrane  on  the  part  of  the  bound 
markers. It is not known how these markers affect the mem- 
brane or whether by binding, they may alter the fate of the 
internalized membrane in a manner similar to concanavalin-A 
(6). 
Although the present study is the first to demonstrate that a 
cell may internalize the same tracer by more than one pathway, 
previous studies employing multiple tracers (8, 13, 15, 30) have 
shown that a cell may possess more than one endocytic path- 
way. Uptake of different tracers by different endocytic mech- 
anisms  may  provide  an  explanation  for  the  differences  in 
localization between HRP and dextran in pancreatic (15)  and 
parotid acinar cells (13) as well as between native and cation- 
ized ferritin in mammotrophs (8) and thyroid follicular cells 
(t4). The uptake of HRP from the lateral and basal cell surfaces 
observed in this study may be a  combination of fluid phase 
pinocytosis in smooth-surfaced vesicles and receptor-mediated 
endocytosis, with the HRP either being passively carried in by the coated vesicles or being bound to the plasma membrane by 
its carbohydrate moieties. Because both the number of coated 
vesicles and the amount of HRP internalized increase dramat- 
ically following secretagogue administration, the major path- 
way at the lateral and basal cell surfaces in stimulated ceils is 
probably  receptor-mediated.  The  endocytosis  of  membrane 
seen at the apical cell surface may then be primarily involved 
with secretory  granule membrane retrieval and recycling. 
The author would like to thank Mrs. Judith Waters and Mrs. Veronica 
Smallwood for their excellent technical assistance, Mr. Steven Floyd 
for preparation of the micrographs, and  Ms.  Barbara DeGraff  for 
typing the manuscript. 
Received for publication 25 August 1981, and in revised form 21 June 
1982. 
REFERENCES 
I.  Abrahams, S. J., and E. Holtzman,  1973. Secretion and endocytosis in insulin-stimulated 
rat adrenal meduUa cells, J. Cell Biol.  56:54~558. 
2.  Amsterdam, A., L Ohad, and M. Schramm  1969. Dynamic changes in the ultrastructure 
of the acinar cell of the rat parotid gland during the secretory cycle. J.  Cell Blot,  41:753- 
773. 
3.  Becker, N. H,, A. B. Novikoff, and H. M. Zinmlerman. 1967. Fine structure observations 
of the uptake of intravenously injected peroxidase by the rat choroid plexus. J. Histochem. 
Cytochem.  15:160-165. 
4  Broadwell, R.  D., C,  Oliver, and  M.  W.  Brightman.  1980.  Neuronal transport  of acid 
hydrolases  and  peroxidas¢  within the  lysosomal  system  of organelles: involvement  of 
agranular reticulum-like cisterns. J. Comp, Neurol.  190:519-53Z 
5.  Cornell,  R.,  W,  A.  Walker,  and  K,  Isselbacher.  1971.  Small  intestinal  absorption  of 
horseradish peroxidase. Lab. Invest. 25:42-48. 
6.  Edelson,  P. J,, and  Z. A.  Cohn.  1974.  Effects of concanavalin A  on  mouse  peritoneal 
macrophages.  I.  Stimulation  of endocytic  activity  and  inhibition  of phago-lysosome 
formation. J. Exp, Med  140:1364-1386. 
7.  Fahimi,  H.  D.  1970.  The  fine  structural  localization  of  endogenous  and  exogenous 
peroxidase activities in Kupffer cells of rat liver. J.  Cell BioL 47:247-262. 
8.  Farquhar, M. G. 1978. Recovery of surface membrane in anterior pituitary ceils. Variation 
in traffic detected with anionic and cationic ferritin. J.  Cell BioL  77:R35-R42. 
9.  Friend, D.  S., and  M. G,  Earqahar.  1967.  Functions  of coated  vesicles during protein 
absorption in the rat vas deferens. Z  Cell BioL  35:357-376, 
10.  Geuze, ]. J., and M. F. Kramer. 1974. Function of coated membranes and mullivesicular 
bodies during membrane regulation in stimulated exocrine pancreas cells. Cell Tisa'ue Res, 
156:1-20. 
I 1.  Geuz¢, J. J., and C. PoorL 1973. Cell membrane resorption in the rat exocrine pancreas 
cell after  in  vivo stimulation  of the  secretion,  as  studied  by  in  vitro incubation  with 
extraceLLular space markers. J. Cell BioL 57:159-174. 
12.  Gonatas,  N. K,, S. V. Kim, A. Stieber, and S. Avrameas.  1977. Internalization of lectins 
in neuronal GERL. J.  Cell Blot,  73:1-13. 
13.  Herzog,  V.,  and  M.  G.  Farquhar.  1977.  Luminal membrane  retrieved after exocytosis 
reaches most  Golgi cisternae in secretory cells. Proc.  NatL  Acad.  Sci.  U,  S. A. 74:5073- 
5077. 
14.  Herzog, V., and F. MiLLer. 1979. Membrane retrieval in epithelial cells of isolated thyroid 
follicles. Eur  .L Cell Biol.  19:203-215. 
15.  Herzog, V., and H, Reggto. 1980. Pathways of endocytosis from luminal plasma membrane 
in rat exocrine pancreas, Eur. d. Cell Biol,  21:141-150. 
16.  Hollzman,  E.  1971.  Cytochemical  studies  of protein  transport  in  the  nervous  system. 
Philos.  Trans. R. Soc. Lond  B, Blot,  Sei.  26I:407-421. 
17.  Holtzman, E., and g. Dominitz. 1968. Cytochemical studies of lysnsomes, Golgi apparatus 
and eadoplasmic reticalum in secretion and protein uptake by adrenal medulla ceLLs of 
the rat. J. Histochem.  Cytoehem.  16:320-336. 
18.  Joseph,  K. C., S, V. Kim, A. Stieber, and N. K. Gonatas.  1978. Endocytnsis of cholera 
toxin into neuronal GERL  Proc.  Natl. Acad.  Scl.  U. S. A. 75:2815 2819. 
19.  Kalina, M., and  M.  Robinovitch.  1975.  Exocytosis couples  to endocytosis  of femtha  in 
parolid acinas cells from isoprenalin sth'nulated rats. Cell Tissue Res.  163:373-382. 
20.  Karnovsky, M. J, 1971. Use of fercocyanide-reduced osmium tetroxide in electron micros- 
copy. J.  Cell Biol.  51:146a (Abstr.). 
21.  Mam, L. R.  1976. Dynamics of HgPase absorption in the epithelial cells of the hamster 
seminal vesicles. J. Mierose.  Biol.  Cell.  25:127-132. 
22.  Mata, L. R., and J. F. David-Ferriera. 1973. Transport of exogenous  peroxidase to Golgi 
cisternae in hamster seminal vesicle. J. Mierosc.  (Paris).  17:103-106. 
23.  Meldolesi, J., and D. Cove. 197 t. In vitro stimulation of enzyme secretion and the synthesis 
of microsomaI membranes in the pancreas of the guinea pig, J. Cell Biol.  51:396-404. 
24.  Meldolesi, J.  1974. Membranes and membrane surfaces. Dynamics of cytoplasmic mem- 
branes in pancreatic acinar cells~ Philos.  Trans. R. Soc. Lond. B. Biol.  Sci. 268:38-53. 
25.  Meldolesi, J.  1974. Secretory mechanisms in pancreatic acinar cens. Role of cytoplasmic 
membranes. Adv. Cytopharmacol.  2:71-85. 
26.  Nevalainen, T. 1970. Effects of pilocaspine stimulation on rat pancreatic acinar cells. A eta 
Pathol.  Mierobiol.  Scand. Suppl. 210:1-43. 
27.  Oliver, C. 1981. Enzyme cytocbernical studies of basal lysosomes in exocrine acinar ceils. 
J. Histochem.  Cytochem.  29:898. 
28.  Oliver, C.  1980.  Cytocbemical localization of acid phosphatase  and trimetaphosphatase 
activities in exocrine acinar ceils. J. Histochem.  Cytochem.  28:78 81. 
29.  Oliver, C., and A. R. Hand.  1978. Uptake and fate of luminally administered horseradish 
peroxidase  in resting and isoproterenol-stimulated  rat parolid acinar cells. J.  Cell Biol. 
76:207-220. 
30.  Ottosen, P. D., P. J. Courtoy, and M. G. Farqahar. 1980. Pathways foLLowed by membrane 
recovered from the surface of plasma cells and mye|oma cells. J. Exp. Med.  152:1-19. 
31.  PeLLetier, G.  1973. Secretion and uptake of peroxidase by tat adenohypophyseal  ceLLs. J. 
Ultrastruct.  Res. 43:445-459. 
32.  Reynolds, E. S,  1963. The use of lead citrate at high pH as an electron-opaque  stain in 
electron microscopy. J.  Cell Biol.  17:208-212. 
33.  Sinrson,  J. A. V. 1972. Evidence of cell damage in rat salivary glands after isoproterenol. 
Anat. Rec.  173:437-452. 
34.  Spurt, A. R. 1969. A low viscosity epoxy resin embedding medium for electron microscopy. 
J.  Uhrastruct. Res. 26:31-43. 
35.  Steinmarm, R. M., and Z. A. Cohn. 1972. The interaction of soluble horseradish peroxidase 
with mouse peritoneal macrophages in vitro.  Z  Cell BioL  55:186-204. 
36.  Stockert, R. J., H. H. Haimes, A. G, MoreLL, P. M. Novikoff, A. B. Novikoff, N. Quintana, 
and I. Sternleib.  1980.  Endocytosis of asialoglycoprotein-enzyme  conjugates  by hepato- 
cytes.  Lab. Invest. 43:556-563. 
37.  Tixier-Vidal, A., R.  Picarl, and  M.  F,  Moreau.  1976.  Endocytose  et secretion dans  los 
cellules ante hypophysaires on culture. Action des hormones hypothalamiques. J. Microsc. 
Biol.  Cell.  25:159-172. 
38.  Turner, P. T,, and A. B. Hams.  1974. Ulirastructure of exogenous peroxidase in cerebral 
cortex, Brain Res. 74:305-326. 
39.  Thyberg.  J., J.  Ndsson,  and  D.  Hellgren.  1980,  Recirculation  of cationized  fecritin ha 
cultured mouse  peritoneal macrophages.  Electron microscopic and cytoehemical studies 
with double-labeling technique. Ear J. Cell Blot,  23:85-94. 
40.  Thyberg, J.  1980. Internalization of catinnized ferritin into the Golgi complex of cultured 
mouse peritoneal macrophages. Effects of colchicine and cytochalasin B. Eur. J. Cell BioL 
23:95-103. 
41.  Wall, D.  A.,  G.  Wilson,  and  A.  U  Hubbard.  1980.  The galactose-specific recognition 
system of mammalian  liver: the route of ligand internalization in rat hepatocytes.  Cell 
21:79 93. 
42.  Wallach, D., N. Kirshner, and M. Schramm.  1975. Non-parallel transport of membrane 
proteins  and  content  proteins during assembly  of the secretory  granule  in  rat  parotid 
gland. Biochira.  Biophvs.  Acta. 375:87  105. 
43.  Willingham, M. C., and  L Pastan.  1980. The receptosome: an intermediate organe]le of 
receptor-mediated endocytosis in cultured fibroblasts. (:ell,  21:67 77. 
44.  Wessells, N. K., M. A. Luduenna,  P. C. Letourneau, J. J. Wrenn, and B. S. Spooner.  1974. 
Thorotrast  uptake and  transit in embryonic  gila, heart  fibroblasts and  neurons  in  vitro. 
Tissue Cell,  6:757 776 
Ouver  Endocytic  Pathways of Exocrine Acinar Cells  161 